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This document represents the Final Degree Project report of Olga Montero Rodriguez in
Video Game Design and Development. The project consists of developing accessibility
features for a platform video game using user-centred design methodology. This design
method aims to include users with disabilities in the design process to be able to develop
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This chapter explains the motivations and how the idea was proposed, its different
objectives, and its beginning state. [15].
1.1 Work Motivation
During my third year of the degree, I had a subject called "Theory and practice of au-
diovisual production". As a result of my implication in the final project, the teacher
responsible for the subject invited me to a congress about Audiovisual accessibility. We
were encouraged to work with professionals from different audiovisual areas to share
experiences and work in innovative solutions to improve accessibility in audiovisuals.
During the congress, I started thinking about accessibility in video games, and I figured
out that I didn’t feel accessibility was given the same importance as an audiovisual prod-
uct. Also, I have always been aware of the importance of accessibility in other fields,
mainly because there are some disabled members around my inner circle, and some fam-
ily members are health care professionals. Because of that, I’ve heard many different
experiences in video games and acquired some specific knowledge about disabilities.
Those are the reasons that bring me to try to develop an accessible video game using
the centred-design method and try to contribute to the video games industry, also in
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other to prove that there is no need to have complex technologies to develop accessible
features in a video game and help disabled players to feel included as any other.
1.2 Objectives
• Implement a user-centred design method to make users part of the development
and design process.
• Develop a video game using Unity Engine [47] technologies and implement acces-
sibility features without using any other complex software.
• Create an integrated accessibility menu to configure the game while playing, help-
ing the player enjoy the game and not getting bored while navigating through
complicated menus.
• Design accessibility features for a specific impairment or disability and the unique
needs of inexperienced players or people with more than one disability and groups
them in a multi accessible experience.
1.3 Environment and Initial State
The main idea of this project comes from a personal interest in audiovisual accessibility
and personal concern for trying to understand why the current video games industry and
big companies are ignoring the special needs of some of their users. Also, to know why
sometimes they include inferior accessibility options that do not benefit players, leaving
aside disabled users from the video game experiences.
Once the idea was chosen and concreted with the supervisor, it was necessary to
develop and create a planning. The proposed methodology for developing accessibility
features in the video game was a user-centred design method because of its multiple ben-
efits to accomplish the users’ expectations of a specific product. The project is classified
into three main phases in order to organise all the tasks.
The video game would be developed using Unity Engine [47]. The visual and sound
aspects would be created using a mix of assets from Unity Asset Store [43] and assets
developed to accomplish some special needs of the target users.
1.4 Related subjects
• VJ1227 - Game Engines
• VJ1236 - Sound production and realisation techniques
• VJ1237 - Video game localisation
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This chapter shows the planning that has been followed to organise and develop the
project, the resources and tools to accomplish that purpose.
2.1 Planning
The next lines show the task that has been done to develop this project. Each task is
part of a group dedicated to one specific phase due to a user-centred design method.
Some tasks were developed in a specific order due to dependencies with another task,
but others were made during the whole process of another task.
• Previous documents (20h): Before starting the video game, a Technical pro-
posal and a Game Design document were made to explain and expose the project
to the advisor on how the project would be developed and its different parts.
• Phase I : Analysis and development of the first prototype (120h):
– Previous games analysis and explore implementation possibilities
with unity (5h): A brief analysis of the most important games in the
present, including accessibility features and how it has worked on players.
In addition, research of those accessibility features and how Unity technolo-
gies [47] allow to develop them.
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– Analysis of users requirements (10h): Gather documentation and re-
search about the impairments and disabilities of the target audience.
– Assets search and development (10h): Search for free assets that work
with the artistic style restrictions and develop new assets if needed.
– Main menu and tutorial design and development (15h): Design and
develop the main menu with basic functionalities and a tutorial for the game
as a safe environment to configure the game.
– Accessibility features design and development (80): Implementation
of the accessibility menus on the tutorial and allows the user to configure
all the features while playing. Implement four main groups of accessibility
features: vision, sound, locomotor and cognitive.
• Phase II: Testing the first prototype of the game with target users (50h):
– Assembly of levels 1 and 2 (40h): Use the assets and systems developed
in the first phase to assemble two different levels.
– Play-testing with users (10h): Develop a questionnaire for the users and
collect the information and feedback from the video game.
• Phase III: Implementation of new solutions (110h):
– Design solutions based on the currents information (10h): Develop
new design solutions based on the video game systems already developed to
reach users expectations.
– Explore implementation possibilities and implement new design so-
lutions (50h): Analyse unity technologies and implement the new solutions
if possible.
– Final project report (50h).
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Figure 2.1: Gantt chart of the developed tasks (made with Gantt Project)
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2.2 Resources evaluation and tools
• Unity Engine 2020.3.4f, game engine. [47] Cost: free
• Microsoft Visual Studio 2019, programming tool. [44] Cost: free.
• Adobe Illustrator 2019, vectorial design tool. [3] Cost: Student license, free.
• GitHub Desktop, code repository tool. [19] Cost: free.
• Overleaf, online tool for LaTex documents [33]. Cost: free.
• Unity Asset Store: game assets store. [43] Cost: free.
• Trello, to organise tasks. [48] Cost: free.
• Discord, voice application. [12] Cost: free.
• Gantt Project, application to draw Gantt charts. [37] Cost: free.
• Grammarly, online tool to correct texts. [20] Cost: free.
• Google Forms, online tool for questionnaires. [17] Cost: free.
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This chapter presents the analysis research and the design methodology.
3.1 Objective Analysis
Many games include new accessibility features passing years but not every one of them
is working as expected. The aim of this analysis is:
• Find what type of disabilities users have and how they experience video games.
• Recognise problems in current features in order to improve them.
• Study from the existing research on this field and try to learn how these problems
were approached to design accessibility solutions.
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3.2 User-centred design methodology
As mentioned before, for developing the accessibility features of the project, it would use
the user-centred design methodology. First of all, let us clarify how this methodology
works and how it will be adapted to this project.
User-centred design method [35] is an iterative process used by the designers to de-
velop solutions focused on the users and their special needs. This means that the target
users of the product that will be developed are active participants in the design process,
often seen as equal partners in the development systems. This method is becoming more
popular nowadays in fields such as human-computer interaction in computing studies.
Generally, this method is formed by four phases. Depending on the type of project
and the time restrictions, the number of iterations by those phases is variable.
• Phase 1: Understand the context. This means designers have to analyse and
understand the context and how users may use a system or a product.
• Phase 2: Specify user requirements. Designers have to identify the user’s require-
ments. Depending on the method, this phase is made with interviews, question-
naires or simply researching the target users requirements in other similar products
or systems.
• Phase 3: Design and develop solutions. Once the requirements have been listed,
it is time to develop solutions to fit those requirements and expectations. It seems
to be a very linear design process once the requirements are obtained, but it is a
very creative phase and maybe the most difficult.
• Phase 4: Evaluate the design solutions implemented against the requirements.
This phase can also be developed using interviews and questionnaires to evaluate
how close the current design is to users’ expectations or requirements. With those
results and feedback, it is possible to design new solutions or specify new user
requirements if needed.
In order to adapt the user-centred design method to reach the specifications of this
project, there are three specific phases designed that fit the method differently. This
adaptation is required mainly due two restrictions: the health crisis, which impedes
working closer with the users who will participate in our tests and the time restrictions
of this academic project.
The adapted phases for this thesis are:
• Phase 1: Includes part of the first, second and third phases of the general approach
of user-centred design method. This phase is for analysing users requirements and
also developing a prototype using the information gathered.
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• Phase 2: Similar to the fourth phase of the general approach of user-centred
design, but in this case, it is only for testing and analysing the feedback from
users.
• Phase 3: It is also similar to the fourth phase mentioned above, but it implements
explicitly new solutions if needed after getting feedback from users.
3.3 Research about users requirements
Nowadays, video games are becoming more popular as entertainment, with 2.6 billion
players around the world. With an increasing number of people with disabilities playing
video games, designers and game developers had to start using a user-centred approach
to understand their specific needs in terms of playing video games.
3.3.1 Classification of impairments and disabilities referred
It is essential to know what types of circumstances affect users with impairments or dis-
abilities and what grade before investigating how they interact with video games. The
World Health Organization [31] has published a manual called International Classifica-
tion of Impairments, Disabilities and Handicaps [32] which shows a classification used in
this thesis to understand and analyse the user requirements for the prototype. Despite
all the different kinds of disabilities, impairments and handicaps in this classification,
for this thesis, we are going to analyse and group the most common that are affecting
stimulus and reactions in terms of interactive technologies such as video games primar-
ily. It is essential also to be aware that disabilities, impairments and handicaps, are
many times presented as synonyms, but they are not. Impairment is when there is any
loss or abnormality of a psychological, physiological or anatomical structure or function,
disability is when there is any restriction or lack of ability to perform an activity con-
sidered normal for a human being, and handicap is a disadvantage for a given individual
that limits the fulfilment of a role. In this thesis, this kind of terminology is used as
synonymous because in terms of video games, a single type of accessibility feature can
help an impairment, a disability, and a handicap.
Based on the technical specifications of video games, the most common groups of
impairments or disabilities affecting players are:
• Visual impairments: Partial vision loss, legal blindness, complete blindness and
colour blindness.
• Hearing impairments: Complete or partial loss of the ability to hear from one or
both ears.
• Motor impairments: Loss or limitation of locomotive functionalities.
• Cognitive impairments: Mental and psychological disorders.
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There is a proposed game interaction model in Game Accessibility: A survey [22] that
helps identify what kind of barrier faces a player with disabilities or impairments. This
model can be represented as a finite state machine of three states. The first one is when
the players receive visual, haptic or auditory stimuli from the game. Based on these
stimuli, the next state is when the player determines a response from an available set
of actions depending on the game. The last state is when the player provides an input,
and the player will receive a new stimulus to perform the next step of this internal state
of the finite state machine. When a player cannot receive any stimuli, it is impossible
to determine the response to provide, and the game experience is being disturbed.
In these classified four groups, there are also some details to be considered. The
severity of the impairments and disabilities is very different in each case, and it is nec-
essary to differentiate as critical or non-critical. When an impairment is critical, the
player cannot play the game, and when it is non-critical, the game is playable, but the
experience is reduced. Due to technological restrictions in this project, it will only be
possible to develop solutions for the non-critical ones because the critical ones may need
special devices such as Xbox Adaptive Controller [28].
3.3.2 Existing research and manuals about accessibility
Although accessibility in technology has been there for many years, there seems to be
a gap between that accessibility approach and accessibility in video games. Despite the
research made during the last ten years, a paper by Michael Heron [23] analyses the idea
that many of the current problems about accessibility are caused by a lack of awareness.
In the academic world, it is still difficult to find recent research about this field and many
times, new findings in the accessibility field do not attain to the video game designers,
and it is challenging to integrate them into the development.
There are also two erroneous ideas exposed in this paper. One is that not all disabled
users enjoy playing video games "for disabled people". They want to enjoy mainstream
video games and not feel apart from the big titles launched every year. The best idea to
handle this is to design accessible video games not only for disabled users but for every
player around. The second erroneous idea is that disabled users are a tiny segment of
players, and it is not worth it to design around their particular needs. This is also a big
mistake overlooked by the game developers because accessibility is not only for disabled
users [39]. It is also a chance to improve users’ experience with normalised impairments,
such as the ones who wear glasses because of a lack of vision. In addition, accessibility
is approached as a group of different pieces, where each one is not even related to the
others. This is also an overlooked mistake because many impairments or disabilities can
be related to common problems that can be faced within the exact design solutions.
To help video game developers to become closer to accessibility, many organisations
had developed manuals [21] [10] to guide designers in this field. Two of the most relevant
manuals are Includification [2], developed by The Able Gamers [1] foundation and Game
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accessibility guidelines developed by a collaborative group of specialists and academics.
These manuals are becoming popular passing years, being used as a general guideline
to improve existing and new video games. Both manuals would be used to develop this
project to ensure valuable features and test the guidelines with the target users.
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3.4 Analysis of accessibility features in video games
In addition to the practical guides mentioned above and the analysis of specific disabil-
ities and impairments from a theoretical perspective [6], it is essential to analyse in a
practical way how launched video games had implemented accessibility features in the
past and how are them implementing new ones in the present.
3.4.1 Hearing impairment options
As in the cinema and audiovisual industry, subtitles are the most common option in
video games for users with hearing impairments. However, the fact that developers in-
clude this option does not mean that it is performed correctly. Subtitles style has to
be clear, with an easy understanding of fonts and bigger enough. Also, it is essential to
subtitle with different colours, every dialogue which includes more than one speaker to
identify them. In video games, it is crucial to attend to every movement occurring, and
subtitles have to be described in a complementary way to allow the player to understand
what is happening.
Life is Strange 2 [24] includes options such as easy-to-read subtitles, variable sizes,
and an optional speaker label for additional clarity. Also, Assassin’s Creed: Valhalla [38]
allows the user to activate a new label that informs who is speaking and change the
style of the dialogue text background. These are some examples (See Figure 3.1) of
user-friendly features that have been working for the last years, even though not being
used as much as they should be, due to their easy implementation.
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(a) Life is strange 2
(b) Assassins Creed: Valhalla
Figure 3.1: Different subtitle options and styles
Closed captions are often included in video games to describe, such as in audiovisual
media, sound effects, or essential audio information for the user. It is important to
empathise that this important audio may describe important information about game
mechanics or the location from which the damage is coming in video games. In addition,
this is why it is not enough to only write in the screen closed captions as subtitles.
To describe where the audio is, Minecraft [45] uses closed captions and an arrow
indicating if the audio source is coming from the left or right side of the player (See
Figure 3.2). Also, this is represented by graphics in Final Fantasy XIV [14] and Fort-
nite [16], where the audio source is represented on the screen with its corresponding
colour or symbol to differentiate between audio sources. These are exemplary imple-
mentations (see Figure 3.3) that help users with impairments to enjoy the game still and
play the whole experience because they can identify spatial information such as from
what side is the sound coming and if it is far or close.
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Figure 3.2: Minecraft, closed captions on the right side.
(a) Final Fantasy XIV (b) Fortnite
Figure 3.3: Closed captions and visual feedback about audio source location
3.4.2 Visual impairment options
This kind of impairment is the most common experienced by video game players. The
first to be implemented and the one which became more populous were the colour blind
options. Many times these options are represented as a filter that changes colours by
using a shader. These new colours are sometimes unclear and confusing for users with
this type of impairment because not all users have the same grade of colour blindness.
In the end, these kind of filters are not that useful, and instead, changing the colour
palette of the most relevant elements in the game as enemy markers, waypoints, and
relevant objects allows the player to differentiate those elements from the rest and still
get that information.
Some games developed filters as colour blind options, but the community was not
satisfied, like the ones in Overwatch [18] (See Figure 3.4) and Fortnite [16]. For this
purpose, the best functionality was the most simple, as the ones developed in Hue [11]
or Battlefield 1 [8]. In the first one, developers decided to assign a symbol for each colour
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(a) Colorblind filter disabled (b) Colorblind filter enabled
Figure 3.4: Colorblind filter in Overwhatch
(a) Hue
(b) Battlefield 1
Figure 3.5: Colorblind options
to differentiate them, and in the second one, the game offers four different palettes for
each kind of colour blindness to differentiate essential objects (See Figure 3.5).
Low vision is one of the most common impairments, and video games are starting
to include options for resizing texts and changing the font style. Also, the option to
resize HUD elements is widespread. If the lack of vision is severe, some games also im-
plement particular sounds to give the player feedback while interacting with the game
to understand where the important objects are. In Borderlands: The Pre sequel [27],
there are many options to resize and relocate all the interface elements to fit the player’s
expectations. Also, some sports video games, such as Madden 17 [41], have this option,
which helps the player easily find some relevant symbols while playing (See Figure 3.6).
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(a) Madden 17 (b) Borderlands: The Pre sequel
Figure 3.6: Resize options for the interface
3.4.3 Locomotor impairment options
Passing years features to help players with locomotor impairments seem to be the most
challenging options to integrate, but they are not. Usually, it is typically first to think
that the only option for some users for playing video games is to use adaptive controllers
as the primary input devices. However, as in other kinds of impairments, each user has
a different grade of severity, and some of those impairments can be joined to develop a
primary feature. Some of them are rebinding controls for the users who cannot use the
default ones due to locomotor problems, choosing the input devices, game assistants for
movement or cameras and difficulty selectors.
The most common and the most demanded by users with and without impairments
is the rebinding system for the game’s controls. Tom’s Clancys The Division 2 [29],
among others, implement a very extensive rebind panel where the player can choose
the controls at ease. Many players would like to use their own specific devices to play,
and this is also a helpful option, developed in Her Story [7], which allows using the
virtual keyboard if needed. Also, some games integrate a list of devices among which
the player can switch between. This kind of feature was very disputed related to some
Nintendo [25] games because it was needed to use their haptic or movable devices for
playing the game. This was not configurable, and many players had to stop playing
some Nintendo games because of that, such as Twilight Princess HD [4], in which the
player had to use a haptic screen to interact with the game without offering any other
configurable device to this purpose (See Figure 3.7).
In addition, for helping players with locomotor impairments, it is needed to adapt the
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game’s speed or the movement of its elements. This can be done with an assistant that
does some actions for the player or by difficulty selectors to allow the player to choose
the one that makes him feel comfortable. Camera assistant and auto-target are some
of the features implemented in Uncharted 4 [13] to help the players. Also, Mario Kart
8 [5] implements a driver assistant to help players stay inside the circuit. In Celeste [26]
is implemented one of the most valuable features as a variant of the expected difficulty
selector, the adjustable game speed (See Figure 3.8).
(a) Zelda ingame controls
(b) Her Story configurable device controls
Figure 3.7: Device controls options
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(a) Mario Kart 8 assistant
(b) Celeste assisst mode
Figure 3.8: Game assistant options
3.4.4 Cognitive impairment options
Some of the standard features to help players with cognitive impairments are included in
the sections above because, as mentioned before in this report, it is possible to develop
a single feature that could help players with multiple disabilities. Many cognitive disor-
ders cause the player to get confused if the game shows much information simultaneously
quickly. It is a valuable option to implement tutorials or testable levels in which the
player can play and adapt to the game in a safe environment.
Some games as Doom [40] or Mario Odyssey [34] implement an assistant to help the
player be guided through the game. Assassin’s Creed: Odyssey [30] also implements
a quest assistant to guide the player and help him keep focused on the current game
objective (See Figure 3.9).
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(a) Mario Odyssey
(b) Assassins Creed: Odyssey
Figure 3.9: Indicator assistant
3.5 Designing the analysis
To reach the analysis objectives, it was proposed to analyse the information above about
the theoretical perspective of disabilities and some relevant examples currently imple-
mented in video games. Also, the information extracted from research in this field was
beneficial to suggest some design solutions to implement in the prototype.
For the second phase of the project, it was necessary to find users that would like
to participate in the questionnaires about the prototype and give their feedback. The
analysis raised in this chapter was potentially for the first phase, but finding users may
last some time, so it required to be started almost at the beginning of the project. The
primary step to start searching users was to find some streamer with disabilities on
Twitch [49] and contact its community of viewers. This kind of video game stream-
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ing platform offers the possibility to search by categories, and recently, accessibility was
added as a tag reference. After a week of navigating through the platform, two streamers
and their communities agree to chat about this project on their Discord [12] server. Due
to the good reception and the interest of the server participants, a questionnaire was
designed to be added to the first design phase. The questionnaire was sent by the text
chat of both Discord servers to be answered by any person who wants to participate.
This was not planned initially, and that is why it is not mentioned in the second chapter
about planning.
The questionnaire information is handy for knowing how the users feel and letting
them express themselves as much as possible. The questions to answer were:
1. Do you have any disability or impairment? You can explain here if you want, what
type it is.
2. Do you usually play video games? Explain here, if you want, how much time do
you invest in video games.
3. What kind of video games do you enjoy the most? Can you explain why? You can
list different video games genres if you want.
4. Did you ever stop playing video games because you stopped enjoying the experi-
ence? Explain here, if you want, why.
5. When playing video games, is it hard for you to find the accessibility options menu?
Explain why if you want.
6. Did you miss any kind of accessibility option while playing some video game? What
kind? List them if you have more than one example.
7. Write below three video games that you enjoy because of their multiple accessibility
features and three that you had to stop playing because it was very hard for you
to play.
These questions allow many different answers and unlimited workspace for them,
so the users can explain in their own words how they feel and offer suggestions about
games and accessibility features to take into consideration before starting developing
the prototype. Also, in the companion of the theoretical information from above, it is
possible to analyse which features are the most valuable for the prototype and if is it
possible or not to implement them with Unity Engine.
3.6 Analysis results
From the theoretical information about impairments and disabilities, the obtained in-
formation about the current studies from a user-centred perspective was very useful to
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confirm that this design methodology that has already been applied in many human-
computer interaction studies is also valuable for video games. Furthermore, it is proved
that it is better to afront the design of accessibility features in a group perspective and
leave behind the thought that each option or feature can only help one disability, as they
are commonly related. After the analysis through the current accessibility features in the
examples above and the users’ feedback in the questionnaire, these are the conclusions:
• The most played video games genre by the interviewed users were visual novels,
platform games, card games and first person shooters.
• Almost all impairments of the users were non-critical; this means that it is possible
to implement features similar to those in the examples above.
• Due to technological restrictions, it is impossible to design the prototype around
different devices to play, but as a computer game, it would be nice to allow playing
with a keyboard and gamepads.
• It is advantageous to configure all the accessibility options before starting playing
or in a tutorial, because players will feel comfortable and in a safe environment to
train.
• Some options presented in the examples can be joined and presented as a single
option. It is not always positive to have many options because the users can be
confused.
• Players prefer to play a less complex game and be able to enjoy the whole expe-
rience, but this does not mean that they do not want to play the most significant
games been launched every year.
Design must be based on these results, and in order to accomplish this, the game
genre will be a platform game. It will also be developed for computers to allow playing
with gamepads or keyboards. The game will present a testing level or tutorial to guide
players through the different accessibility menus. There will be three menus: visual
options, sound options and cognitive/difficulty options. Menus have to be presented
with enough possibilities to allow the player to be comfortable but not confused. The
testing level will include clues about how to play and will let the player be used to
the controls and the game mechanics. Before the testing level, the game will have two
more levels. Both levels will be designed around the basic game mechanics shown in the
tutorial, allowing the player to face more complex challenges.
3.7 Analysis of requirements
3.7.1 Functional requirements:
• R1: The player can start the game.
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• R2: The player can move through the game environment.
• R3: The player can navigate through the menus.
• R4: The player can pause and resume the game.
• R5: The player can play the current level again.
• R6: The player can collect items.
• R7: The player can jump.
• R8: The player can attack.
• R9: The player can exit the game.
• R10: The player can receive feedback from the game.
• R11: The player can change the visual options.
• R12: The player can change the sound options.
• R13: The player can rebind the controls.
• R14: The player can select the difficulty.
• R16: The player can be killed.
• R17: The player can be healed.
3.7.2 Non-functional requirements:
• RN1: The game style will be low poly.
• RN2: The enemies and object will have animations.
• RN3: The game will have moving platforms.
• RN4: The game is placed in an unrealistic city.
• RN5: The game mechanics will be simple to learn.
3.8 System Architecture
These sections describe the specifications of the device where the game was developed
and the required specifications for playing the game:
Development device:
• Processor: Intel(R) Core(TM) i5-8400 CPU @ 2.80GHz
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• RAM: 16 GB
• Video Card:NVIDIA GeForce GTX 1060 6GB
• Operating System: Windows 10, ver. 10.0.19041
Playable device:
• Processor: X64 architecture with SSE2 instruction set support
• Graphics API: DX10, DX11, and DX12-capable GPUs
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This chapter explains all the development process details from the start until the
end of the project development. It will be explained in chronological order due to the
user-centred methodology applied. It also includes a brief analysis of the final results
and an assessment of planning changes.
4.1 Work Development
As mentioned before, the whole work development of this project is planned in three
different phases. Some tasks were developed during more than one phase due to specific
time dependencies, and some tasks were reconsidered during this process.
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4.2 First phase: Analysis and development of the first
prototype of the game
This phase consists of designing and developing an analysis of users requirements. Then,
with this information, it was possible to explore the implementation possibilities of the
chosen features. Finally, a prototype was developed that includes a main menu and two
different levels ready to be tested by users in the next phase of the development.
4.2.1 Setting up the project
For starting the development of the prototype, the first step was to choose the Unity
Engine version according to the tools used. The initial version was 2019.4.4f1 but was
updated to 2020.3.4f1 later for using some packages that were not available in the pre-
vious versions.
The main packages used to manage some systems and game mechanics were: Cin-
emachine [9] for the different game cameras, Input System [46] for the controls and the
different device options, and finally, Text Mesh Pro [36] to develop different elements of
the user interface.
Finally, for managing the project updates, it was necessary to use a repository on
Github [19] to keep track of the source code updates.
4.2.2 Game design, level structure and workflow
Using the analysis results, the game genre proposed was a platform game, and it will be
formed by the main menu, a testing level or tutorial and two different levels more. The
workflow proposed was a one-way flow (See Figure 4.1), in which the player has to play
the testing level or tutorial at the beginning. Once this level is overcome, the first level
will be available and finally the second one. The reason that the first level is always the
tutorial is that its purpose is to configure the game before starting the challenging part
of the game, and if it is the first time playing or not, the user can take its time and
configure all the options to get used to the game mechanics.
The level design of the tutorial had to be developed around the user’s expected be-
haviour to show all the configurations and game mechanics carefully to the player. Based
on the analysis results, the tutorial has to be represented as a safe environment where
the player can test everything without getting punished excessively. This will be a good
starting point to guide players with locomotor or cognitive disabilities and help them
not feel frustrated initially.
As a brief overview of the game, the player will have to go through the city, collect
crystals, and reach the final point of the levels. There will be different kinds of enemies
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Figure 4.1: General workflow of the game
that can be destroyed by collecting some attack items and interacting with them. If the
player gets hurt, the medical kits will be healing its health bar. Once a level is finished,
a score screen is shown and loads the next level. The player will win, reaching the final
point of level 2.
The workflow expected for the tutorial starts with the player moving from the start-
ing position to the first interactable object, which will show the visual options available.
The reason to place this kind of configurable options first is that due to the multiple de-
pendencies between the different options and how they can affect each other, the visual
aspect is crucial. It was expected that the player keeps going to the following configura-
tion step, related to locomotor and cognitive options. Once the player reaches this part,
two of the three configuration steps will be already shown to the player to accomplish
the dependencies established. The last point of the configuration will be the sound part
of the game because this part is the least determining. With the accessibility options
configured, the next step is to show the player what the game mechanics are and how
they work. Using the same method as the one with the configuration steps, one inter-
actable object will present the attack mechanic and how to use it against the enemies.
During the tutorial, the enemies were designed to be shown after all the configuration
steps, so the player can fight them with everything set up as they consider. These kinds
of enemies had to be the easiest to beat and ensure that the player did not die many
times against them. Finally, to end the tutorial, there will be a short platform challenge
where the player can test the controls and start to familiarise themselves with the game’s
primary challenge.
After thinking about all the designing solutions, it was also necessary to know how the
information about the current accessibility configuration would be sent to the different
levels. The game will be configured initially, but it is crucial to think about how this
configuration data will be saved to be applied to the following levels. Sending information
between scenes can be confusing and unsafe, so the solution was to create the first scene
for the main menu (See Figure 4.2a) and then develop a second one to contain the other
three stages: tutorial, first level, and second level (See Figure 4.2b). This will help to
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keep the data about the accessibility configuration unaffected while navigating through
the levels. Each level stage has a camera, and it will be enabled or disabled as needed.
When the player overcomes a level, it feels like loading a new scene, but it is a fade out
of the camera while switching where the next level is.
(a) Overview of the main menu
(b) Overview of the three levels in the same scene
Figure 4.2: Scenes of the game
4.2. First phase: Analysis and development of the first prototype of the game 31
4.2.3 Assets search and development
One of the most user-friendly artistic styles for video games is the low poly style based
on the analysis results. This is because the flat colours and the simple shapes help play-
ers with visual and cognitive disabilities quickly identify all the essential information
coming from the game objects. As mentioned in the research about users’ requirements,
many games provide visual and cognitive stimuli like fast movements of the environment
elements, sophisticated particle systems or elaborated shaders that some players can not
receive. Low Poly environments provide a simplified three-dimensional perspective due
to their flats colours and simple models that become easy to understand.
All the three-dimensional assets were provided by the Unity Asset Store and extracted
from six different packages. Although the assets were not from the same package, it was
easy to combine them because the style was very similar. Everything was personally
developed for the user interface assets to accomplish the design and visual restrictions
about accessibility. Head-up-display elements and menus were developed using Adobe
Illustrator, and all the texts were made using Text Mesh Pro.
4.2.4 Implementation of accessibility features
After designing the tutorial workflow, it was necessary to start developing the accessi-
bility features to be configured. This development was divided into four stages ordered
by the priority of its implementation. At the same time, the build of the environment
for the tutorial and the main menu was started.
The first stage was the implementation of the visual options. At the same time, the
design of the user interface was started because those tasks were significantly related.
The user interface has to show the player information about the game’s current status
and provide an easy composition to read the information fluently. In this case, this game
information was composed by the collectable objects counter, the attack objects counter,
and finally, by the player’s health bar.
Using the results from the analysis and after checking the implementation possibilities
using Unity, the visual options menu was developed using two different panels. The first
panel was related to the colourblind options and was composed of one configurable
option. The second panel was about low vision options, with three different configurable
options. The final list of visual options developed in both panels was:
• Two adaptable colourblind palettes for the head-up-display icons and health bar.
• Switching on/off an outline to remark in different colours the important game
objects.
• Resize all the texts on menus.
• Resize the icons and scores in the head-up-display.
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The head-up-display icons were designed as recognisable figure inside a white square
to help differentiate the primary shape on the background. The colours for each symbol
were related to their representation inside the game, such as the blue crystals, but it was
needed to develop two more different palettes for the icons to implement a dropdown to
select the colour palette (See Figure 4.3). For these different options, it was necessary
to research the different types of colourblindness and how they affect. There are three
main types of colourblindness which are the most common affecting users:
• Protanopia and deuteranopia: cannot tell the difference between red and green.
• Tritanopia: cannot tell the difference between blue and green, purple and red, and
yellow and pink. It also makes colours less bright.
As these were the most critical colourblind impairments, the result was to develop
two different colour palettes: one for protanopia and deuteranopia and the other for
tritanopia. These colour palettes will be applied only to the most relevant game ob-
jects to help players get important information from the current game situation. In this
case, it was applied only to the head-up-display elements because, as shown in the analy-
sis, complex shaders that will modify all the scene’s colours are not that useful in the end.
(a) Basic color palette
(b) Deuteranopia/Protanopia color palette
(c) Tritanopia color palette
Figure 4.3: Different colorblind adaptable palettes for icons
The feature that remarks with an outline the important game object was imple-
mented using a toggle. These user interface elements allow the player to switch the
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outline on/off as needed. To remark every important game object, it was necessary to
add an outline component to each prefab on the game that was relevant or interactable.
This component is developed to draw a line and offers the possibility to choose the
colour and the thickness. Every colour was chosen, taking into account the colour of the
game prefab to help the player differentiate each element. The system that enables and
disables the outline is made using a list of all the outline elements on the scene, which
accessing that list the toggle can make the outlines visible (See Figure 4.4).
Figure 4.4: Different game objects with outlines.
For developing both resizing options, a system was implemented very similarly to the
one used for the outline. Resizing the text and the icons were designed as two different
options because it is more beneficial for the player to choose separately to accomplish
their needs. Also, both systems were very similar but had to be developed by modifying
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some details. The reason was that changing the text size (See Figure 4.6) depends on the
value applied to a font size parameter in the text component, but in the case of the icon
(See Figure 4.5), the value changed was weight and height on its transform component.
Inside both option systems, there is a list of the component to resize. By clicking on the
arrows, the value increases or decreases, and then the component values are updated on
runtime.
(a) Default icons size
(b) Biggest icons size
Figure 4.5: Overview head-up-display icons with different sizes
The second stage was implementing the locomotor accessibility features. For this
purpose, the main configurable option was a rebinding panel that allows the player to
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(a) Default text size (b) Biggest text size
Figure 4.6: Overview of different text sizes
change all the game controls no matter if he is using a keyboard or a gamepad. This kind
of accessibility option is widespread, and in passing years it is more demand, not only
for the disabled players but for everyone. This functionality was developed using the
Input System package provided by Unity. Searching documentation about this system,
I decided to use version 1.1.0 rather than version 1.0.2, which Unity verifies. This was
because version 1.1.0 offers some new features related to saving data of the rebounded
controls in a JSON document. This kind of data file is widely used in video games to
store information about configurations to ease the game experience. It was challenging
to use a more recent package with less documentation, but the results were helpful in the
end. The JSON file keeps saving the new bindings after changing the default controls,
and this offers the possibility to play the game with the same configuration, even if the
game is reloaded.
The rebinding panel has four buttons with the default binding text related to the
current action map. An action map is a set of actions where each action represents a
game control. The player has an action map where there are defined four actions by
default:
• Move: A/S/D/W on the keyboard and left joystick of the gamepad.
• Jump: Spacebar on the keyboard and south button on the gamepad.
• Attack: Key F on the keyboard and west button on the gamepad.
• Display the pause menu: Escape key on the keyboard and select button on the
gamepad.
The input menu shows on each button one of these controls with its binding by de-
fault. To rebind them, the player can press one button control (See Figure 4.7), and the
rebinding action will start. This process starts waiting to read a new input from the
keyboard or a gamepad and shows a grey panel to inform the player that the system is
waiting. When a new control is pressed, the button changes the text to the new binding,
the action map is updated and stops the rebinding action. This system has to check
while reading a new input after completing the rebind if the current control is excluded.
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It was necessary to exclude some controls such as the mouse pointer, both mouse buttons
and the escape key to maintain the consistency of the general controls for the game. A
problem may be encountered if the player could rebind any control as the escape key,
whose purpose is to show the pause menu. Every time one control is rebounded, the
JSON document is overwritten and saves the new controls. Next to each control button
in the menu, there is a reset button to replace the selected control as default.
(a) Rebinding and difficulty options panel
(b) Waiting for new input using the rebinding system
Figure 4.7: Overview of different cognitive and locomotor accessibility options.
After the analysis results, it was proposed to develop some kind of camera options
that could allow the player to configure the camera movement as a free camera or tar-
get camera. Other possible features would be changing the camera axis or the camera
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speed while rotating. These options were discarded because it was not helpful to have
those options in a platform game where the camera follows the player. After all, there
is no need to see any other perspective. On the one hand, if the camera is following
the player, constantly locating him at the centre of the screen, changing the axis of the
camera will not be a substantial change that benefits the player. On the other hand, the
rotation speed depends on the player movement, so if the movement is slow enough to
move correctly, the camera will be rotating at a handy speed.
The third stage was implementing a selector for the difficulty, which is part of the
cognitive accessibility options (See Figure 4.7a). As this is a platform game, the adapt-
able difficulty level is based on how fast the platforms move. There is a base difficulty
level inherent on each level, defined by the number of enemies and healing kits provided
to the player. This inherent difficulty is necessary to keep the game challenging while
setting the easy mode on the selector affecting the platform movement. This feature is
a multi accessible one because, at the same time, helping players with cognitive impair-
ments can also be helpful to players with locomotion impairments. Each platform has
three different values for the easy, normal and hard mode velocity, and the movement
system assigns the corresponding value on runtime to modify the difficulty. This is very
useful also to change the difficulty once the game has been started, so the players can
adapt to the speed of the platforms if they get stuck at some point of the game.
The fourth stage, and the last one, was the implementation of the sound options
(See Figure 4.8). This has to be developed as the last feature because it was needed to
develop some unique sounds and find a soundtrack that fits the game style. It was needed
that all the interactions and functionalities were implemented to list how many sounds
it would be necessary to have to give enough feedback to the player. The implemented
features were:
• Slider to adjust the background music volume.
• Slider to adjust the effect sound volume.
• An enemy indicator showed in canvas.
As shown in the analysis results, one valuable option from the users in the question-
naire was to adjust the volume of the background music and the sound effects separately.
This is because the sound effects are used many times as feedback to the player from any
interaction, and for the ones with hearing, impairments will be beneficial to adjust the
volume of these sounds. It is also relevant to implement some feedback for the players
with critical hearing impairments; any sound adjustment will not help. For this pur-
pose, an enemy indicator was developed to show the player what position the enemies
are coming from, as the sound feedback is not helpful. The indicator is represented as an
arrow rotating in the head-up display. At the same time that the player or the enemies
are moving, this arrow is updating its position to show if the enemies are in a determined
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range. The player will see as many arrows as enemies around, and they will disappear
if the enemies go far or get destroyed (See Figure 4.9).
Figure 4.8: Overview of sound accessibility options.
All these features were implemented successfully while designing and assembling the
whole tutorial environment and general game mechanics. The implementation of these
game mechanics started with the user interface interactions and the player movement at
the beginning while designing the visual features as a base to work on the other game
mechanics. Then, the interaction with game elements such as collectable items and
platforms was developed, and finally, the enemies’ artificial intelligence. All the enemies
were developed using the navigation system of Unity to ensure a patrol movement, which
is helpful to escalate the difficulty of the enemies and its variety. Level transitions were
the last implementation.
4.2.5 Design and implementation of the different menus
The game menus needed special treatment in terms of design because they had to be
usable and understandable to every player. When the game shows a menu, the back-
ground is darkened to keep the player focused on the menu information. The colours
chosen for the menus were different types of orange, blue, black and white. This is be-
cause the menus were also designed around the visual and cognitive impairments that
some players may have, like colour blindness. The font used is a universal font that may
be not very original but helpful to some impairments such as dyslexia. The buttons
that involve critical decisions such as closing or saving the configuration also added a
graphical symbol to refer to the usability of the button.
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(a) Two enemy damage indicators
(b) One enemy damage indicator
Figure 4.9: Overview of the enemy indicator which shows where the enemies are.
4.3 Second phase: Testing the first prototype of the game
with target users
This phase consists of testing the prototype developed in the first phase. To gather
information about the game, a questionnaire was designed and its results were used to
improve the prototype.
4.3.1 Developing the questionnaires and testing
Once the tutorial was finished, the next step was to send it to the users, but instead
of that, the development of the first and second level was also finished to be able to
send a completed game. This was not planned at the beginning, but it would be better
if the players can experience the whole game instead of only a piece (See Figure 4.10).
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Furthermore, all the suggestions or new design solutions can also be applied to level one
and two and not only to the tutorial. For this purpose, it was necessary to develop a
solid questionnaire to approach the users’ feedback while testing the game. According
to the Interview Techniques for UX Practitioners: A User-centered Design Method [50],
there are many different methods to approach a testing phase. In this case, the most
suitable method is the semi-structured interview; due to the current restrictions, ques-
tionnaires will be a list of predefined questions and sent to the target users. The reason
to choose this method is that semi-structured interviews are used when there is some
knowledge about the topics under investigation, but it still needs to look into details.
The method also provides quantitative and qualitative data, which in this case, qualita-
tive data is the most relevant. It will also help gather data when there is no possibility
to observe the users’ behaviour directly, as in this case, all the process will be done online.
The predefined questions were answered by choosing a single value from six standard
qualifiers such as: Very good, good, standard, bad, very bad or non-answer. In the
beginning, the user can write if he has any disability or impairment, but this is an
optional question. Also, at the end of the questionnaire, the user could provide any
additional information to give some general feedback about any aspect of the game. The
set of developed questions was:
1. Do you have any impairment or disability at the time answering this questionnaire?
You can describe what kind here if you want.
2. How was the navigation through the menus.
3. How was the player movement and interactions.
4. How funny was, in general, the game.
5. How was the performance of the game.
6. How easy to follow were the tutorial configuration steps.
7. How helpful were the visual options.
8. How helpful were the cognitive options.
9. How helpful were the locomotor options.
10. How helpful were the sound options.
11. How was the visual feedback from the game.
12. How was the sound feedback from the game.
13. How challenging was the game.
14. How was the visual aspect of the game.
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(a) Top view level 1 stage
(b) Top view level 2 stage
(c) Top view tutorial stage
Figure 4.10: Overview of the final design of the game stages.
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15. Use this question to write about any aspect related to the game; you can also make
your suggestions about accessibility or any aspect of the game.
This questionnaire was developed using Google Forms, which was very helpful to organise
all the answers at the end of the testing phase.
4.3.2 Results from the feedback
The questionnaire was open for ten days, and 47 users sent their answers, which was
more than expected. All the users, besides two, answered the first question about their
kind of impairment or disability. Here is a brief summary of the results:
• Twenty-two users with visual impairments, such as colourblindness, and different
types of lack of vision.
• Thirteen users with sound impairments, such as deafness, and is hard to hear from
one side.
• Six users with cognitive impairments such as dyslexia, attention-deficit/hyperactivity
disorder and memory loss.
• Four users with locomotor impairments such as arthritis and muscular dystrophy.
• Two users did not answer.
This data can also be very helpful to understand the rest of the answers because it
is significantly related to the special needs that this kind of users will be looking at in
the game. Also, it is important to remember that one of the objectives of this thesis was
to use a multi accessible point of view in order to develop all the features. This is the
reason why the first question was a voluntary appointment. If the users did not answer,
it would also be helpful to read the gathered data about all the game aspects in the rest
of the questionnaire.
As a result of the gathered data, a list of features was planned to achieve the ques-
tionnaire’s users’ suggestions. This list showed some changes that could be done in the
current systems of the game and would not take much time to implement them. The
most mentioned features to improve where:
• The text size is still tiny. It is necessary to increase the biggest value of size.
• Camera movements are confusing and fast, especially during the second level.
• It would be nice if all the accessibility features could be accessed by any game level
and not only from the tutorial.
Moreover, users suggested a lot of interesting features that would be analysed before
deciding on implementation possibilities. This kind of features had to be evaluated to
see how they will affect the general gameplay or the technology restrictions. The most
mentioned were:
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• Change the sound from stereo to mono to be able to hear all the game sounds only
from one side.
• Change the difficulty selector and make it available to change the platforms’ waiting
time apart from the velocity.
• Develop a reset button for all the bindings that set the default value.
• Push the player back while being hit by an enemy in order to send more feedback.
4.3.3 Conclusions and Implications of the testing phase
This second phase was the most tricky because it was very dependent on the participation
of users. Besides that, users were collaborative and conscientious of the objective of the
thesis, and the results were beneficial to the project itself. In the beginning, it was
uncertain how many users would participate because the environment of the study was
so impersonal due to the health crisis. However, thanks to all the technologies from
nowadays, it is becoming easy to develop processes like this. Time was also a restriction,
but as this is a project set in the educational environment, the outcome was gratifying
and proof that it can be developed professionally.
4.4 Third phase: Implementation of new solutions for the
final prototype and final results
Once the suggestions were listed and classified, it was necessary to analyse what we are
going to implement. To decide it, there were two important variables to take into ac-
count: the technological restrictions and the available time. The suggestions to improve
the current features were the first to analyse because its implementation was to add
changes to the systems that had been already implemented.
For the text resizing, it was only necessary to increase the maximum threshold. Also,
to access the accessibility menus, another button at the pause menu showed all the three
accessibility menus and allowed the user to reconfigure everything at runtime. The only
feature that was longer to develop was the camera movement. As the current movement
was fast and confusing, the new implementation uses another feature of the Cinemachine
package to create a virtual dolly track (See Figure 4.11) to guide the camera through
the environment. This allows the design of a preconfigured path to ensure the camera
does not move as much as before.
After changing the mentioned features, it was time to decide which suggestions will
be implemented. The mono/stereo sound was complicated not in a technical way but in
a usability way. This feature was about changing from mono to stereo, which involves
the audio sources of the game and the audio device used to play. This means that the
experience will be variable using different devices, and the change of the mono/stereo
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(a) Dolly track tutorial
(b) Dolly trach level 2
(c) Dolly track level 1
Figure 4.11: Overview of the dolly tracks made using Cinemachine.
mode will not be very helpful. Besides that, another slider was implemented to change
the sound from a 2D mode to a 3D one. This would be helpful because, in the 2D mode,
every audio source would be heard at the same distance, and the player would be able
to hear every sound, even if his impairment is to not hear from one ear.
Following the suggestion listed above, to implement the changes in the difficulty se-
lector, it was necessary to add another list of three values to each platform that will
represent the waiting time on each mode. The system designed for the speed mode was
also used to change the waiting time, so this suggestion was finally not even difficult to
implement.
Developing a general reset button for the rebinding panel was also quite fast because
its functionality was already done in the individual rebinding buttons. This suggestion
was not proposed initially because it would not provide anything worthwhile, but a user
suggested the testing phase, so it was implemented.
The last feature of the suggestion list was something like a "knockback" to push the
main character while being attacked by and enemy to warn the player of being damaged
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again. This was implemented by adding a force calculated in the opposite direction from
the force source to push the player back. Once all the features were implemented, the
second prototype was already finished.
4.5 Results
4.5.1 Objectives reached
At the beginning of this document, the objectives of the whole project were presented
as four main objectives. It is gratifying to express that almost all the objectives were
reached, but some just in some points.
Implementing the user-centred methodology was an exciting proposal initially, and
the adapted way to apply it to this project was very challenging. This methodology
requires an iterative process to reach the most completed prototype possible, but it only
was possible to do one iteration due to time constraints. This does not mean that the
objective was not reached, only that with more time to be closer to the users and iter-
ate around the prototype, the final product would reach the users’ expectations at the
highest level.
Using Unity Engine to develop this game was also challenging in some ways due to
the requirements to use extra packages to implement some functionalities, but in the
end, no complex technologies out of those packages were used, so the second objective
was also reached.
Related to the accessibility menu, it was an interesting opportunity to prove that a
well-integrated menu is an easy way to offer the accessibility options of our games to
the players, showing that sometimes usability it is everything. During the testing phase,
users appreciated this kind of tutorial that includes the configuration, proving that it
was a helpful design decision and reached this objective.
Finally, about the multi-accessible experience, it was also challenging at the begin-
ning because the starting perspective was that a more accessible game should include
more options. Thanks to the analysis and the users’ feedback, the final prototype is a
multi accessible product, which implements three accessibility menus with enough con-
figurable options, always considering the technological restrictions.
4.5.2 Planning changes
Despite planning every detail of this project, it was needed to do some changes during
the process to improve the first and second phases. There were two crucial changes in
the planning:
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• Adding a questionnaire also to the designing phase, due to the good relationship
established with the users participating in this thesis.
• Developing level 1 and level 2 to add them to the prototype for the users testing
phase.
During the project’s development, both changes were made after getting more in-
formed about this field because they could help me get more information about users
requirements and users’ feedback. Despite not being in the initial planning, other tasks
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In this chapter, the conclusions of the work, as well as its future extensions are shown.
5.1 Conclusions
The video games industry is proliferating, and some big studios are focusing their efforts
many times only to expand economically. Video games are becoming one of the most
common forms of entertainment around the world, and it is necessary to be aware and
start developing more inclusive products, not for economic benefits but social well-being.
Developing this project was an opportunity to focus on a field of personal interest
and demonstrate that as a game designer with no special resources, everyone can con-
tribute to an inclusive industry. It was a challenging project because despite thinking
that user-centred design will be the best methodology to develop the game features, this
implies interacting with people and trying to understand their point of view, and many
times it is not easy to feel what they feel.
At the beginning of this project, I was worried about the implementation part, which
needs an excellent level of programming. During the degree, I have not been confident
with the programmer role and always focused on designing or artistic roles at the group
projects. However, during this project, I faced my insecurities and tried my best because
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I really believe in my initial idea of the project. In the end, I am delighted with the
results, and I have learned about many different things related to the programming
area. Also, I am very grateful to the people that helped me and have participated in
this research. Nothing could have worked without their goodwill.
5.2 Future work
This project was developed with an adaptation of user-centred design methodology,
but the next step would be trying to expand the game accessibility features, using a
more extensive testing phase in which the interviews could be more personalised. The
knowledge acquired with this project was beneficial to try to become an accessibility
specialist in the future.
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